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United States Patent 0 

2,716,339 
HYDRAULIC DYNAMOMETER ~ 

Edwin L. Cline, Pasadena, Calif., assignor to Clayton 
Manufacturing Company, Alhambra, Cali?, a corpora 
tion of California 
Application August 30, 1943, Serial No. 500,591 

29 Claims. (Cl. 73_>117) 
The present invention relates to hydraulic dynamometer 

apparatus for general use in testing the running gear of 
motor vehicles and/or determining engine performance. 

This invention also embodies a number of features, 
including a deaerator, not disclosed in my copending ap 
plication Serial No. 443,833, ?led May 20, 1942, now 
Patent 2,452,550, and entitled “Hydraulic Dynamometer.” 
The deaerator is claimed per se in my copending applica 
tion Serial No. 624,892, ?led October 26, 1945, now 
Patent 2,590,754, and entitled “Deaerating Apparatus.” 
The principal object of the invention is to provide a 

portable, self-contained chassis dynamometer that re 
quires no water, sewer or electrical service connections 
for its operation. 
Another object of the invention is to provide a chassis 

dynamometer which may be set up for use in any area, 
regardless of ground conditions such as sand, soft earth, 
etc., and which can also be set up on a hard ?oor and 
accurately leveled up by adjustable mounting feet. 
Another object of the invention is to provide a chassis 

dynamometer having bogie wheel supports enabling the 
same to test motor trucks or other vehicles of the six 
wheel type, in addition to testing all types of four-wheel 
motor vehicles. > ' 

Another object of the invention is to provide a chassis 
dynamometer of the hydraulic type suitable for testing 
all types of motor vehicles under conditions simulating 
as nearly as possible those encountered on the road. 
Another object of the invention is to provide dyna 

mometer apparatus in which the load absorption capacity 
of the brake unit can be maintained constant, and which 
capacity can be varied at will by the dynamometer oper 
ator, preferably by an electrical remote control device 
which can be conveniently held in the hand and actuated 
by the operator while seated behind the steering wheel 
or standing beside the vehicle. 
Another object of the invention is to provide dyna- <2 

mometer apparatus for testing the engines of motor ve 
hicles and in which it is unnecessary to drain the radiator 
of the engine undergoing test of anti-freeze solutions 
or rust inhibitors, with their consequent loss, contamina 
tion or dilution. 

Still another object of the invention is to provide dyna 
mometer apparatus including an automatic, thermostati 
cally controlled, auxiliary “closed" cooling system for 
the engine undergoing test, so that engine temperatures 
comparable to those experienced on the highway are 
reproduced for various speeds and under various condi 
tions of load and acceleration. 
A further object of the invention is to provide a “closed” 

circulating and cooling system for the brake liquid, where 
in heat exchange means is provided for effectively cool 
ing said liquid. 
A still further and very important object of the inven 

tion is to provide means for removing air from the ?uid 
of the brake unit, whereby more accurate test results 
can be obtained because of the elimination of air in the 
?ow of ?uid to the brake unit. 

Still another object of the invention is to provide a 
deaerating device for removing air from a hydraulic 
brake unit, and which deaerating device is adapted to be 
interposed between said hydraulic brake unit and a heat 
exchanger. 
A further object of the invention is to provide a chassis 
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dynamometer having ramps arranged so that the vehicle 
to be tested can be either driven forwardly onto the 
testing rolls or backed otf said testing rolls. ‘ 

Another object of the invention is to provide a self 
contained chassis dynamometer unit in which all equip 
ment, including speed ‘and power indicating instruments, 
a cooling system embodying a heat exchanger for the 
liquid of the hydraulic brake unit, and an auxiliary cool 
ing system having a heat exchanger incorporated therein 
for the radiator liquid of the engine'underg'oing test, 
are built into one assembly. 

Another object of the invention is‘ to provide a self~ 
contained dynamomete'r unit including a sump or storage 

. tank for excess brake liquid, and a storage battery and 
generator for providing the necessary voltage for‘ oper 
ating a circulating pump ‘and certain solenoid ‘control 
valves. 
A still further object of the invention is to provide a 

chassis dynamometer which is very compact and can be 
readily transported on a trailer or on a conventionalv 

_ truck from one locality to another. 
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A still further object of the invention‘ is to-providerer 
chassis dynamometer construction which is relatively 
simple and which can be manufactured at a reasonable 
cost. ~ -. ' ' 

> Other objects of the invention will‘ be apparent from‘ 
the following description, taken in conjunction with the 
accompanying drawings, in which: - 

Figure 1 is a perspective view of a chassis dynamometer 
constructed in accordance with the ‘principles of the P're's- ‘ 
ent invention and particularly showing the compact 
manner in which‘the parts may be arranged for trans- 
portation from one locality to another; > ~ 

Figure '2 is a plan view of the chassis dynamom'eter 
with the bogie wheel supports'and the ramps positioned 
ready to receive a vehicle to be tested; 

Figure 3 is a front elevational view of the chassis 
dynamometer; 

Figure 4 is a right end elevational view of 
dynamometer; ’ . . 

Figure 5 is an enlarged sectional viewtaken on, the 
line 5—-5 of Fig. 2, with portions of the cabinet con 
taining the brake unit, heat exchangers, -etc., broken 
away to illustrate the manner in which a suction blower, 
circulating pump-and generator are driven from one of 
the idler rolls; ’ . > 

Figure 6 is a view partly in section taken on the line 
6-6 of Figure 5, particularly illustrating the various. 
hose connections between the deaerator and the heat 
exchanger associated with the brake unit and the circulat 
ing pump and the auxiliary heat exchanger for cooling; 
the radiator liquid of the engine undergoing test; . 

Figure 7 is a vertical sectional view taken on the line 
7—7 of Figure 6; 

Figure 8 is a fragmentary. sectional plan view taken, 
on the line 8_—8 of Figure 7 and particularly illustrating. 
the manual control for the clutch mechanism associated 
withythe circulating pump of the auxiliary engine cooling 
system; I V . I 

Figure 9 is a view taken on the line 9-9 of Figure 7, 
showing the brake unit-in elevation and the suction blower 
in cross section; ' 

Figure :10 is a vertical sectional view taken on the line 
10—>-10'.of Figure 2 showing the details of one of'the'» 
frame‘ mounting feet; . v V I 

Figure 11 is a horizontal sectional view taken on the‘ 
line 11-_—_11 of Figure 10; ' 

Figure 12 is a sectionalview taken on the line 12—12 
of Figure 2, particularly illustrating the pawl and‘ ratchet 
mechanism employed for facilitating the driving of a 
vehicle off the dynamometer rolls; ' 

Figure, 13 is‘ a diagrammatic view illustrating the man 

the chassis; 
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net in which the present chassis dynamometer may be 
used to test a six Wheel truck; 

Figure 14 is an enlarged sectional view through the 
brake unit taken on the line 14—-14 of Figure 6; 

Figure 15 is a sectional view taken on the line 15——15 
of Figure 14, illustrating the unique generator employed 
for generating voltage to actuate the speed and horse 
power meters; 

Figure 16 is a plan view of the generator shown in 
Figure 15; 

Figure 17 is a vertical sectional view through the brake 
unit taken on the line 17-—-17 of Figure 14 showing the 
vane arrangement in one of the sections of the hydraulic 
brake housing; 

Figure 18 is a similar view showing the vane arrange 
ment in the other of the sections of said brake housing; 

Figure 19 is a side elevational view of the rotor of 
the hydraulic brake unit; 

Figures 20 to 25, inclusive, illustrate the details of 
the deaerating device which is interposed between the ~ 
hydraulic brake unit and the heat exchanger for cooling 
the brake liquid. More speci?cally, Figure 20 is an ele 
vational view of the deaerator; Figure 21 is a longitudinal 
sectional view through the deaerator; Figure 22 is a plan 
view of the deaerator; Figure 23 is a horizontal sectional 
view taken on the line 23—23 of Figure 21 and particu 
larly illustrating the shape of the inlet opening of the 
deaerator; Figure 24 is a sectional view taken on the. 
line 24-—24 of Figure 21 and illustrating the manner in 
which baffle means is employed to prevent the liquid from 
passing directly toward the outlet of the deaerator; and 
Figure 25 is a sectional view taken on the line 25—-25 
of Figure 21, particularly showing the arrangement of 
the vanes in the lower section of the deaerator‘ for con 
verting the whirling movement of the liquid in the deaera 
tor into downward substantially straight line movement; 

Figure 26 is a diagrammatic view illustrating the closed 
circulating system for cooling the liquid of the brake unit 
and the remote control means for effecting loading and 
unloading of said brake unit; 

Figure 27 is a similar view illustrating the closed aux 
iliary cooling system for cooling the radiator liquid of the 
vehicle undergoing test and the thermostat for automati 
cally controlling the temperature of the liquid in said 
radiator. 

Figure 28 illustrates a modi?cation of the invention in 
which the pump for loading the hydraulic brake unit has 
been eliminated and a gravity feed employed for loading 
said brake unit; and 

Figure 29 illustrates a further modi?cation of the inven 
tion in which the deaerator is employed with a hydraulic 
brake unit of very high capacity having flow regulating 
and indicating means on both the inlet and outlet sides 
thereof to enable the accurate maintenance of a given 
constant load on said brake unit. 

‘Referring now to Figures 1 to 4 of the drawings, the 
chassis dynamometer apparatus constituting the present 
invention comprises a rectangular frame which is gener 
ally identi?ed by the numeral 1. The frame 1 includes 
longitudinally extending side members 2 and 3 spaced 
apart and interconnected by transverse end members 4 
and 5 and three intermediate transverse members 6, 7 
and 8. All of the members 2 to 8 are preferably made 
of structural steel, generally channel or C-shaped in cross 
section. The end transverse member 4 and the adjacent 
intermediate transverse member 8 are connected by a 
longitudinally extending channel section 9 (Fig. 2), and 
the channel section 9 is connected to the side member 3 
by a short transverse strut 10. The space between the 
side frames 2 and 3 and the transverse members 4 and 8 
is closed at the lower side of the frame 1 by a plate 11 
(Figs. 7 and 9) containing stiffening corrugations 12. 
Similarly, the space between the side members 2 and 3 
and the transverse members 7 and 8 is closed by a cor 
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4 
rugated plate 13 (Figs. 2 and 5) and the space between 
said side members and the transverse members 5 and 6 
is closed by a corrugated plate 14 (Figs. 2 and 12). The 
purpose of the corrugated plates 11, 13 and 14 is to pro 
vide adequate bearing surface for the testing apparatus 
when used in the open country where the ground may be 
sandy, soft, or even muddy. In addition to providing suit 
able bearing surfaces, the plates 11, 13 and 14 prevent 
dirt or other material from fouling the apparatus. All 
of the parts 2 to 14, inclusive, are preferably made of steel, 
welded together, and provide a substantially sti? frame 
structure. However, it will be understood that these parts 
may be riveted or otherwise secured‘together, if desired. 
A pair of rolls 15 and 16 (Fig. 2) is mounted hori 

zontally and parallel within the frame 1 between the trans 
verse members 5 and 6. These rolls are preferably bal 
anced so as to avoid dynamic vibration during rotation. 
A similar pair of rolls 1.7 and 18 is mounted between 
the transverse members 7 and 8. 
The rolls 15 and 17 are idler rolls and are supported 

at their opposite ends in suitable bearing blocks 19 bolted 
or otherwise secured to the transverse members 5 to 8. 
The rolls 16 and 18, on the other hand, serve as drive or 
power takeoi‘r' rolls for transmitting the power from the. 
rear wheels of a motor vehicle to a hydraulic brake or 
power absorption unit generally identi?ed by the letter B 
(Fig. 6). The drive rolls 16 and 18 are also supported 
in bearing blocks 19 suitably secured to the transverse. 
members 5 to 8. 

Figure 9 illustrates the details of construction of the 
bearing blocks 19. All of the bearing blocks 19 are simi 
lar in construction, and hence a description of one will 
suifice for all. Each of the bearing blocks 19 includes 
a ball bearing 20, the inner race element 21 of which is 
carried on a reduced extension of the rolls 15 to 18 and the 
outer race element 23 of which is received in a suitable rub 
ber grommet 24 carried by the housing 19a of the bearing 
block 19 and serving as an insulating material. As is 
shown, the grommet 24 is generally U-shaped in cross 
section and partially surrounds the outer race element 23. 
The use of the rubber-mounted ball bearings at the oppo 
site ends of the rolls 15 to 18 permits self-aligning of the 
bearings, as when the dynamometer frame 1 is slightly 
?exed in use due to irregularities in the surface upon 
which it is resting. The rubber mounting is also con 
ducive to quiet operation of the rolls. 
An extension 30 (Fig. 2) on the drive roll 16 projects 

through a bearing block 19 and carries one element 31 
of a universal joint. Similarly, an extension 32 on the 

‘ drive roll 18 projects through a bearing block 19 and 
carries one element 33 of a universal joint. The ex- 
tensions 30 and 32 are interconnected by a shaft 34 
including splined telescopically arranged sections 35 and 
36. The shaft section 35 carries an element 37 of a 
universal joint which is operatively connected with the 
element 33 and the shaft section 36 carries an element 38 
of a universal joint which is operatively connected with 
the element 31. Thus, the two drive rolls 16 and 18 are 
interconnected by the shaft 34 through the two universal 
joints 33—37 and 31-38. 

It will be apparent that, by using short drive rolls 16 
and 18 and short idler rolls 15 and 17, instead of a pair 
of long rolls, heavier vehicles can be tested and substan 
tially all ?exing of the rolls due to the weight of the ve 
hicle being tested is eliminated. 

Channel-shaped strips 39 (Figs. 2 and 5) are inverted 
and welded onto the frame 1 between the transverse 
members 5-6 and 7-—8 and stiffen the construction. 
The upper surface of the strips 39 lies in a horizontal 
plane substantially common with that of the crown of the 
rolls 15 to 18, as will be apparent from Fig. 5. 

In order to adapt the dynamometer apparatus for testing 
vehicles having four rear wheels, a pair of bogie wheel 
supporting frames 40 and 41 (Fig. 2) are provided. 
Each of the bogie frames 40 and 41 comprises side mem 



2,716,839 
5 

bers 42 and 43 and end members 44 ‘and 45, all pref 
erably made of channel-shaped steel sections and welded 
together. Each of the bogie frames 40 and 41 carries three 
idler rolls.46 which may be mounted on the side frame 
members 44 and 45 in bearing blocks 19b similar to the 
bearing blocks 19. The end members 44 and 45 are 
interconnected by a longitudinal, inverted channel-shaped 
member 47 (Figs. 2 and 12), the extreme ends of which 
rest upon the upper side of said end members 44 and 45 
and are preferably welded thereto. The member 47 
serves as a support enabling a vehicle wheel to easily 
traverse the space between the side member 43 and the 
nearest of the rolls 46. The space between the side 
members 42 and 43 and the end members 44 and 45 at 
the lower side of each of the bogie frames 40 and 41 
is closed by a corrugated plate 48 (Figs. 2 and 12) 
similar to the plates 13 and 14 arranged below the rolls 
15—16 and 17——18. The purpose of the plates 48 is to 
provide ample bearing area for the bogie frames 40 
and 41 with the apparatus is used in the open ?eld. 
The bogie frames 40 and 41 are pivotally connected 

with the side member 2 of the main frame 1 by hinge ele 
ments 49 (Fig. 1) welded to the side frame member 2 
and hinge elements 50 welded to the side members 43 of 
the bogie frames, the elements 49 and 50 being intercon 
nected by a pin 51. The bogie frames 40 and 41 may 
be detached from the main frame 1 by removing the pins 
51, if desired. 
Four ramps 55 (Fig. 2) are provided to enable a 

vehicle to be driven forwardly onto the rolls 15 to 18 or ' 
to be backed onto said rolls. Each of the ramps 55 is 
provided with a pair of pins 56 adapted to be received in 
suitable sockets 5621 (Fig. 12) formed in the upper end of 
spaced brackets 57, four of which are bolted onto the 
side frame member 3 and two of which are bolted to each 
of the side members 42 of the bogie frames 40 and 41. 
The pins 56 are carried by U-shaped end sections 58 of 
the ramps 55, and these sections are interconnected by a 
series of inverted U-shaped longitudinally extending chan 
nel sections 59, all of said parts being preferably welded 
together. 

Figure 2 illustrates the dynamometer apparatus with 
the bogie frames 40 and 41, and ramps 55 in the position 
that they assume relative to the main frame 1 and the ap 
paratus is set up for use. If it is desired to move the 
dynamometer apparatus to another site, the ramps 55 
can be readily detached from the main frame 1 and from 
the bogie frames 40 and 41 by simply lifting the pins 56 
out of the retaining sockets 56a. The bogie frames 40 
and 41 can then be swung about the hinge pins 51 over onto 
the main frame 1 to the position shown in Figure 1, 
and a pair of ramps 55 placed upon each of said bogie 
frames and the unit is then quite compact and ready to be 
transported to the desired destination. 

Referring now to Figures 2 and 12, ordinarily no dif? 
culty is encountered in driving a vehicle onto the rolls 
15 to 18 carried by the main frame 1. However, unless 
some means is provided for locking said rolls against 
rotation, dif?culty is encountered in driving the vehicle 
off said rolls. This di?iculty is overcome in the present 
construction by associating a ratchet wheel 60 with the 
interconnected rolls 16 and 18 and a ratchet wheel 61 
with each of the rolls 15 and 17 so that the ratchet wheels 
rotate with said rolls. A pawl 62 is pivotally mounted 
upon a pin 63 carried by the transverse frame member 
5 and is arranged so that it can be engaged with the 
ratchet 60 to prevent clockwise rotation of the roll 16, as 
viewed in Figure 12. An operating handle 64 is con 
nected with the pawl 62 for effecting disengagement 
thereof from the ratchet 60 when the apparatus is in 
use. The handle 64 is adapted to rest against a stop 
pin 65 mounted on the transverse member 5 when the 
pawl 62 is retracted. A pawl 66 is adapted to cooperate 
with each of the ratchet wheels 61 to prevent rotation 
of the rolls 15 and 17, respectively. The pawls 66 are 
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‘6 
pivotally carried by pins 67 mounted on the transverse 
members 5 and 8, respectively, and a handle~68, secured 
to each of said pawls, is adapted to engage a stop pin 
69 when the pawls 66v are moved to their retracted 
position, as when the apparatus is in use. It will be ap 
parent that, when the pawl 62 is engaged with the ratchet 
wheel 60, the rolls 16 and 18 will be held against clock 
wise rotation and the vehicle undergoing test may be 
readily driven forwardly off said roll. It will also be 
apparent that when. the pawls 66 are engaged with the 
ratchet wheel 61, the rolls 15 and 17 will both be held 
against counterclockwise rotation and the vehicle may 
be readily backed off said roll. Thus, when the pawls 
62 and 66 are engaged, a vehicle may be either driven 
forwardly off the rolls 15 to 18 or backed off said rolls. 
The present dynamometer, in addition to being adapted 

for use in an open ?eld as stated hereinbefore, is adapted 
to be set up on a hard surface, such as a concrete ?oor. 
To this end, means is provided in the form of adjust 
able feet 75 (see Figs. 2, 10 and 11); ?ve pairs of feet 
being mounted upon the frame 1 and one pair of feet 
being mounted upon the free side of each of the bogie 
frames '40 and 41. Inasmuch as the mounting means 
for all of the feet 75 is substantially identical, the de 

Referring now to 
Figs. 10 and 11, a bracket 76 serves as a mounting means 
for securing the feet 75 to the main frame 1 or to the 
bogie frames '40 and 41, as the case may be. The bracket 
76 is welded or otherwise secured in place and includes 
a vertical boss 77 containing an internally threaded 
cylindrical sleeve 78 ‘secured in the boss 77 by a set 
screw 79. A bolt 80 is threaded into the sleeve 78 and 
is provided with a longitudinal passageway 81 for the 
reception of a stem 82 which is secured totone of the 
feet members 75. A cotter pin 83 projects through 
the stem 82 at a point above the head of the bolt 80 to 
maintain the foot member 75 in assembled relation 
with the bolt 80, while permitting rotation of said bolt 
without turning of said foot member. 

It will be apparent that a socket wrench (not shown) 
or any other suitable means may be applied to the 
head of the bolt 80 to turn the same to elevate the 
frame 1 (or the free side of the bogie frames 4'0 and 
41) to any desired height relative to the ?oor. In set 
ting up the chassis dynamometer for use on a hard sur 
face, the feet at the extreme ends of the main frame 1 
are ?rst adjusted so that the frame is level and clears 
said surface by at least 14" and then the intermediate 
feet on said frame are adjusted._ Finally the feet on the 
bogie frames 40 and 41 are adjusted. In each instance, 
the frame member with which a foot 75 is associated is 
suitably recessed as indicated, for example, at 85 to per 
mit the feet 75 to be retracted to a height above the 
lower surface of the frame member when the apparatus 
is to be used resting directly upon the earth. In order 
to provide access to the bolts 80 at the right end of the 
rolls 15 and 16 and at the left end of the rolls 17 and 
18, openings 85 (Figs; 2, 5 and 12) are provided in the 
longitudinal strips 39 in order that a wrench may be in 
serted therethrough. Similar openings 86 (Figs. 2 and 
12) are provided in the side frame members 42 of the 
bogie frame 40 and 41. 

Referring now to Fig. 9, it will be noted that the drive 
roll 18 has a reduced portion 325' which is connected. 
with a shaft 90 of the brake unit B by universal joints 
91 and 92 and a shaft 93 disposed between said universal 
joints. " 

The details of the brake or power absorption unit B 
of the dynamometer are best illustrated in Figs. 6, 7, 9, 
14, 17, 18 and 19. This unit includes a drum-like cas 
ing or housing. 100 consisting of two sections 101 and 
102 having annular portions terminating in radially ex 
tending ?anges 103 and 104, respectively, suitably 
apertured to receive bolts 105 which hold the sections 
together. A suitable gasket material G (Fig. 14) is 
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disposed between the confronting faces of said ?anges 
103 and 104 to form a seal. 
The shaft 90 extends through both housing sections 

101 and 102. The section 101 carries a. bracket 107 in 
which is mounted a ball bearing 108 providing a sup 
port for one end of the shaft 90 and the section 102 
carries a somewhat similar bracket 109 in which is 
mounted a ball bearing 110 forming a support for the 
opposite end of said shaft. The shaft 90 extends 
through an opening 111 in the side Wall 112 of the sec 
tion 101 and is surrounded by packing 113 held in place 
by a packing gland 114. The shaft 90 also extends 
through an opening 115 in the side wall 116 of the cas 
ing section 102 and is surrounded by a packing 117 
held in place by a gland 118. Thus, the shaft 90 is 
packed in each of the housing sections 101 and 102 so 
that no ?uid can escape from the housing 100 along 
said shaft. 

Each of the housing sections 101 and 102 is provided 
with integral vanes 120 (see Figs. 17 and 18) extending ‘ 
tangentially from a central hub portion 121 to the inner 
periphery of the annular wall portions of the respective 
housing sections. It will be observed that nine tangen 
tial vanes 120 are provided in each housing section 101 
and 102. The vanes 120 are of uniform height for 
about two-thirds of their length and then increase in 
height as indicated by the inwardly inclined portions 
122 (Fig. 14). In addition to the tangential vanes, each 
of the housing sections 101 and 102 carries a transverse 
inwardly extending Web 123, one of which is disposed 
between each two adjacent tangential vanes 120. 
A dynamically balanced power absorption rotor or 

brake wheel 124 (Figs. 14 and 19) is disposed in the 
housing 100 between the sections 101 and 102 and is 
secured to the shaft 90 by a key 125 received in a keyway 
126 cut in said shaft. Set screws 127 extend through a 
hub portion 128 of the rotor 124 and retain said rotor 
in a central position on the shaft 90. 
The rotor 124 has a central circular web 129 extending 

radially from the hub 128 to a point adjacent the inner- <. 
most edge of the webs 123. Upon each side of the cen 
tral web 129 is disposed a series of radially extending 
equally spaced vanes 130, which project from the hub 
128 to the periphery of the rotor. The vanes 130 are 
of uniform height for about two-thirds. of their length 
and then taper, as indicated at 131, toward the peripheral 
portion of the wheel, as is best shown in Fig. 14, said 
vanes terminating in end portions 132 flush with the 
periphery of the central web 129. The tapered portions 
131 are disposed at about the same distance from the 
axis of the shaft 90 as the inwardly inclined portions 122 
of the tangential vanes 120. However, as will be ob 
served from Fig. 14, the inclined vane portions 122 and 
131 are not parallel but diverge outwardly relative to 
each other to give more linear action of loading. 
The rotor 124 carries eight vanes 130 upon each side 

of the central web 129. It will therefore be apparent 
that the brake housing sections 101 and 102 each contain 
an odd number of vanes 120, to-wit, nine on each side 
wall, whereas the brake wheel or rotor 124 has an even 
number of vanes 130, to-wit, eight on each side of the 
central web 129. For the purposes of the present inven 
tion, the relationship could be reversed. That is to say, 
the rotor 124 could have the odd number of vanes and 
the casing or housing sections 101 and 102 an even 
number of vanes. Similarly, the tangential vanes could 
be formed on the rotor instead of on the housing. The 
object in having one of the cooperatingparts provided 
with tangential vanes and/or a greater number of vanes 
than the other is to prevent setting up harmonic vibra 
tions and to reduce the shock and ?uctuation that would 
occur if a number of the vanes on the rotor and housing 
were simultaneously brought into full confronting rela 
tion. 2 

The brake unit 100 is mounted upon the frame 1 by 
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8 
bearing brackets 135 and 136 (Figs. 6 and 9), the bearing 
bracket 135 being secured to the short transverse frame 
member 10 by bolts 137 and the bearing bracket 136 
being secured to the transverse end member 4 by bolts 
138. The bearing brackets 135 and 136 support the 
brake unit B with the axis of the shaft 90 disposed on 
an angle relative to the axis of the drive roll 18, as is 
best illustrated in Fig. 9. The disposition of the shaft 
90 upon an angle makes it possible to provide a chassis 
dynamorneter which does not require a pit, or the raising 
of the dynamometer frame and rolls to a substantial 
height above the level of the ?oor or ground. As is best 
shown in Fig. 14, the outer end of the shaft 90 is received 
in a ball bearing 139 which is mounted in a rubber grom 
met or insulator 140 in the bearing bracket 136. ‘The 
opposite end of the shaft 90 is similarly mounted in a 
ball bearing 141 and rubber grommet 142 in the bearing 
bracket 135. 
The housing section 101 is provided with a threaded _ 

opening 150 (Fig. 14), adjacent the hub 121 or low 
pressure zone of brake unit B in which is mounted an 
elbow 151 connected to a hose section 152, whereby 
water or other suitable brake liquid can be introduced 
into the housing 100. The housing section 102 has a 
threaded opening 153 into which is threaded a pipe nipple 
154 having one end of a hose 155 connected thereto. 
The other end of the hose 155 is connected to a deaerat 
ing device D (Fig. 9), which in turn is connected to a 
heat exchanger, both of which will be described more 
fully hereinafter. 
The housing sections 101 and 102 have registering de 

pressions providing a pocket 153a (Figs. 14, 17 and 18) 
adjacent the opening 153 to facilitate displacement of 
the brake liquid during unloading and for circulation 

The hose 
section 155 serves as an inlet hose for supplying liquid 
to the heat exchanger through the deaerator D and, in 
addition, is associated with a built-in liquid supply tank, 
or sump, and piping system for effecting loading and 
unloading of the brake unit B, as will also be described 
more fully hereinafter. 
The housing section 102 has a petcock 156 (Fig. ,9) 

mounted therein at the pocket 153a to permit complete 
draining of the brake unit, if desired. The housing sec 
tion 101 has an air check valve 15611 (Fig. 14) mounted 
in the side wall 112 thereof to permit air to enter the 
brake unit and prevent the formation of a vacuum therein 
whenever liquid is drained from the brake unit B. 
The deaerating device D is connected by a tube 157 

(Figs. 6, 7 and 9) with the housing section 102, the point 
of connection of said tube with said housing section 
being at the point indicated by the numeral 158 (Fig. 18) 
on the leeward side of one of the vanes 120. The tube 
157 serves as a means for returning the air separated 
from the brake liquid (and any entrained moisture that 
may be in said air) to the housing 100, as will be ex 
plained more fully hereinafter. The deaerator D is 
mounted in a bracket 159 secured to the frame member 
10 by bolts 160. 
The housing section 101 carries a torque arm 167 

(Fig. 6). One end 168 of the torque arm 167 is secured 
to the housing section 101 by bolts 169 and the opposite 
end of said torque arm is connected to a rod 172 of a 
torque bridge device 173 for, in effect, “weighing” the 
torque produced by the engine undergoing test. The 
torque bridge device 173 is fully illustrated, described 
and claimed in my copending application Serial No. 
775,765, which is a continuation-in-part of Serial No. 
443,833, ?led May 20, 1942, Patent 2,452,550 and en 
titled “Hydraulic Dynamorneter,” and since said torque 
bridge device per se forms no part of the present in 
vention, detailed illustration and description thereof here 
in is deemed unnecessary. However, it will be observed 
that the lower end of the torque bridge device 173 is 
connected to the end frame member 4 (Fig. 9) by a 
suitable bracket 174. 
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A cabinet generally identi?ed by the letter C is mount 

ed upon the left end of the main frame 1 above the 
transverse frame members 4 and 8 (Fig. 1), and serves 
as an enclosure for the brake unit B, the deaerator D 
and the torque bridge device 173, referred to hereinbe 
fore. The cabinet C comprises arcuate, upright corner 
posts 175 (Fig. 6) secured by bolts 176 or other suitable 
means, to the main frame 1. A front wall 177 is welded 
or otherwise suitably secured to the front posts and in 
cludes a section 178 (Fig. 3) mounted upon hinges 179 
located at the upper end of said front wall. The sec 
tion 178 serves as an instrument panel and has mounted 
thereon a direct reading speed gauge 180, a direct read 
ing horse power gauge 181, a vacuum gauge 182, an ex 
haust gas analyzer 183 and a control switch plate 184. 
When the apparatus is in use, the section 178 is turned 
about its hinges so that it assumes the position shown 
in Figures 2 to 4 with the instrument dials exposed. How 
ever, when the device is not in use, the section 178 nor 
mally lies ?ush with the outer surface of the front panel 
177 (see Fig. 7 and is maintained in its closed position 
by a latch 185. 
A generator G’ for generating voltage for actuating 

the direct reading speed and horsepower gauges 180 and 
181, respectively, is associated with the brake unit B. 
The generator G’ comprises a rotor 186 keyed to the 
shaft 90 at 186‘1 (Fig. 15) and a generator stator coil 
assembly 187 mounted upon an arm 188, which in turn 
is secured to the bracket 109 by bolts 189. The gen 
erator rotor 186 is provided with eight radially extending 
arms 186b which successively pass the ends of a perma 
nent horseshoe magnet 1878. The rotor 186, in cooper 
ation with the coil assembly 187, generates voltage in 
proportion to the speed of the dynamometer shaft 90. 
The generator coil assembly 187 is connected with the 
torque bridge device 173 and to the speed meter 180 and 
the horsepower meter 181 by a circuit which is described 
in detail in my copending application, supra, and there 
fore need not be described in detail here- However, the 
meters in question are calibrated and actuated to give 
a direct reading of the speed in miles per hour and horse 
power, respectively, that would be developed by the 
vehicle under test, if it were operating upon the road. 
The horsepower meter 181 is calibrated in actual rear 
wheel horse power with compensation duly made for the 
power necessary to drive the suction blower, described 
hereinafter, from the idler roll 17. 
The cabinet C is so constructed and mounted upon the 

frame 1 that it is substantially air-leakproof. Thus, 
suitable packing means 190 (Fig. 9) is disposed between 
the lower edges of the cabinet and the top of the frame 
1 and similar packing material 191- is disposed between 
the ends of the vertical walls of the cabinet and the 
cabinet top 192. A removable panel 193 is provided in 
the right side wall of the cabinet C to permit access to 
the apparatus within said cabinet and suitable sealing 
material 194, such as sponge rubber, is interposed be 
tween the marginal portions of the removable panel 193 
and a ?ange 195 serving as a support for said sealing 
material. A suitable number of screws 196 holds the 
panel 193 and sealing material 194 in place. Similarly, 
an access door 197 (Figs. 1, 6 and 9) is mounted on the 
left side wall of the cabinet by a pair of hinges ‘198. 
The door 197 is sealed against air-inleakage by suitable 
sponge rubber gasket means 199, and a pair of latches 
200 carried by the door 197 maintains saidv door tightly 
closed. . 

A metal shell 201 within the cabinet C forms a hous 
ing for two radiators or heat exchangers 202 and 203 
of any conventional or suitable construction. The heat 
exchanger 202 serves as a cooling means for the liquid 
of the hydraulic brake unit B and the heat exchanger 
203 serves as an auxiliary cooling means for the radiator 
liquid of the engine undergoing test, all as will be 
pointed out more fully hereinafter. The heat exchanger 
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202 is of much greater capacity than the heat exchanger 
203, the former being conveniently stepped or recessed. 
to receive the latter, as diagrammatically shown in Fig 
ures 26 and 27. The heat exchangers 202 and 203 are 
disposed adjacent an opening 204 (Figs. 6 and 7) in the 
rear wall 205 of the cabinet C. A screen 206 extends 
across the opening 204 in front of the heat exchangers 
202 and 203 and a grill 207 is mounted upon the rear 
wall 205 by a plurality of screws 208 to protect the 
screen and heat exchangers from possible damage. Here 
again, sealing means 209, which may be in the form of 
sponge rubber, is disposed between the heat exchangers 
202 and 203, and the rear wall 205 to provide an air 
seal. 
The shell 201 encasing the heat exchangers 202 and 

203 is preferably supported within the cabinet C by a 
three-point mounting means. Thus, a pointed pin 210 
(Fig. 7) depends from the shell 201 and is received in 
an opening 211 of smaller diameter than said pin formed 
in a plate 212 welded or otherwise secured to the side 
member 2 of the main frame 1. The sides of the shell 
201 carry brackets 213 (Fig. 9) shaped to receive a 
nut 214, and a bolt 215 projects through the side walls 
of the cabinet and is threaded into said nut. Thus, the 
three-point mounting means for the shell 201 provided 
by the pin 210 and the bolts 215 enables the heat ex 
changers 202 and 203 to be readily secured and held in 
place without any undue strain being placed thereon. 
The liquid circulated througlrthe heat exchangers 202 

and 203 is cooled by a suction blower 216, also located 
within the cabinet C. The suction blower 216 comprises 
a sheet metal casing 217 and a rotor 218 in said casing 
mounted upon a horizontal shaft 219. The shaft 219 
is supported in bearings 220 mounted upon a framework 
generally indicated by the numeral 221. The blower 
casing 217 is mounted upon the framework 221 by screws 
222‘, and has an inlet opening 223 (Fig. 7) disposed ad 
jacent the innermost portion of the heat exchanger 202. 
The casing 217 also has an outlet opening 224 which 
registers with an opening 225 in the top wall 192 of the 
cabinet C. A screen 226 extends across the opening 225 
and is secured in place by a metal frame 227. Suitable 
sealing means 228 is disposed between the casing 217 
and the inner surface of the cabinet top 192. 
The purpose of sealing the cabinet C against air 

inleakage, as aforedescribed, is to increase the e?iciency 
of the suction blower 216 so that all of the air drawn 
into the cabinet C by said suction blower will have to 
pass through the heat exchangers 202 and 203 and effect 
the desired‘degree of cooling of the liquid circulating therethrough. 
The shaft 219 of the suction blower 216 carries a pair 

of pulleys 230 (Figs. 5, 6 and 9) driven by V-belts 231 
that pass over a pair of pulleys 232 mounted upon an 
extension 233 of the idler roll 17. A generator 234 is 
pivotally mounted upon a rod 235 supported by vertical 
members 236 of the framework 221. The generator 234 
has a shaft 237 which carries a pair of pulleys 238 also 
driven by the V-belts 231. A spring 239 yieldably urges 
the pulleys 238 into contact with the belts 231 to effect 
a drive of the generator 234 and simultaneously absorbs 
any slack in said belts. 
The generator 234 supplies current to a storage battery 

240 (Fig. 6) contained within the cabinet C. An am 
meter 241 (Figs. 3 and 7) may be mounted upon a parti 
tion 242 within the cabinet C, to indicate the charging 
rate of the generator 234. The generator 234 and storage 
battery 240 provide a source of current for operating a 
remotely controlled motor driven pump and solenoid 
valves (described later) and thus renders the dynarnom 
eter apparatus self-contained and independent of electric 
service lines. The cabinet C also contains a sump or 
tank 243 provided with a drain valve 243*‘, Figs. 6 and 
26, a ?lling cap, 244 and an upright vent tube 245. The 
tank 243 is adapted to contain water or any other suitable 
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liquid for loading the hydraulic brake unit B. The ap 
paratus is thus also rendered independent of water serv 
ice lines. The tank 243 has a capacity of between 7 and 
8 gallons, which has been found sufficient for practical 
purposes. 
The hose section 152, which is connected at one end 

with the brake unit 100 and admits liquid into said unit, 
has its intermediate portion 250 (Fig. 6), fastened to 
the shell 201 by suitable straps 251 and its opposite end 
connected with a discharge outlet 252 at the upper end - 
of the heat exchanger 202. The hose section 155 con 
nects the brake unit B with the deaerator D, as previously 
explained, and a hose section 253 connects said deaerator 
with one side of a pipe-T 254. The other side of the 
pipe-T 254 is connected with a relief valve 255 provided 
with a vent tube 256 for returning liquid to the tank 243 
in the event of excessive pressure. Another hose section 
257 connects the relief valve 255 with the upper end of a 
vertical inlet conduit 258, the lower extremity of which 
is connected with the lower end of the heat exchanger 202, 
as is best shown in Figure 7. A pet cock 259 (Figure 9) 
is associated with the conduit 258 and provides a means 
for draining the heat exchanger 202. A similar pet cock 
260 is associated with the outlet 252 of the heat exchanger 
202 and provides means for bleeding air out of said heat “ 
exchanger when the system is initially ?lled. 
The hose sections 152 and 155 and 253 and 257 are 

associated with a loading and unloading pipe system for 
the hydraulic brake unit B including a pump 261 (Figs. 
6 and 26) and a drive for said pump in the form of a 
starting motor 262 adapted to be driven by current from 
the storage battery 240. The inlet side 263 of the pump 
261 is connected with a pipe-T 264 which in turn is con— 
nected by a section of hose 265 to a pipe 266 which ex- ‘ 
tends downwardly into the tank 243 to a point adjacent K 
the bottom thereof. The outlet side 267 of the pump 
261 is connected with the stem of the '1' 254 by a pipe 
line 268 including a one-Way check valve 269 arranged 
to allow ?ow only in a direction away from the pump 
261. A bypass line 270 connects the pipe line 268, at a 
point on the discharge side of the check valve 269, with 
the pipe-T 264. The pipe line 270 contains a strainer 
271 and a solenoid-operated valve 272. 
The starting motor 262 and the solenoid-operated valve 

272 are controlled by a remote control device 273 (Fig. 
26) adapted to be conveniently held in the hand of the 
operator. The remote control device 273 is connected 
in circuit with the battery 240, the motor 262 and the 
solenoid valve 272, in the manner diagrammatically indi 
cated. The remote control 273 includes an “On” button ' 
274 and an “Off” button 275. A conductor 276 connects 
a contact 277 of the remote control device 273 with the 
storage battery 240. A line 278 connects the “On” button 
274 with the motor 262, a relay 279 being connected 
in said line. A line 280 connects the “Off” button 275 
with the coil of the solenoid valve 272. The battery 240, 
motor 262, and solenoid valve 272 are conveniently 
grounded, as indicated. The remote control 273 thus 
in reality includes two switches of which the buttons 274 
and 275 are a part. 
The control device 273 is arranged so that When the 

“On” button 274- is depressed, a circuit is completed from 
the battery 240 to the motor 262 which starts to drive 
the pump 261 to withdraw liquid from the tank 243 and 
introduces it into the hose section 257 connected with 
the inlet of the heat exchanger 252, the direction of flow 
in the system being indicated by full-line arrows in Figure 
26. This increases the volume of liquid in the circulating 
system and correspondingly increases the volume of liquid 
in the brake unit B, whereby to increase its load absorption 
capacity. On the other hand, when the “Off” button 275 
is depressed, a circuit is completed from the battery 240 to 
the solenoid valve 272 which effects opening of said valve 
and permits bypassing of liquid from the hose section 253 
back to the tank 243, as indicated by the dotted arrows. 
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The etfect of this is to reduce the volume of liquid in the 
circulating system between the brake unit B and the heat 
exchanger 202, and the result is that liquid is not displaced 
from the heat exchanger 202 back into the brake unit B; 
hence, the absorption capacity thereof is reduced. ‘ 

Manifestly, the aforedescribed structure constitutes a 
means for circulating and cooling the liquid of the brake 
unit B as well as a means for loading and unloading‘ 
said brake unit. 
The deaerating device D, which is interposed between 

the brake unit B and the heat exchanger 202, is shown in 
detail in Figs. 20 to 25 and comprises a housing consisting 
of an upper cylindrical section 300 and a cup-like lower. 
section 301. A cap 302 forms a closure for the upper 
end of the upper section 300. The lower section 301 
has an upwardly projecting ?ange 303 (Fig. 21) on the 
rim thereof which is received in a mating recess 304 in the. 
lower end of the section 300, whereby the ?ange and 
recess cooperate to maintain the sections 300 and 301 
in vertical alignment. 
The lower section 301 has a solid axial core 305 which 

is provided at its upper end with a threaded aperture 306. 
A plurality of radial vanes 307 extend outwardly from 
the core 305 and merge with the inner periphery of 
the section 301. The vanes 307 terminate short of 
the bottom of the cup section 301 as indicated at 308. 
The vanes 307 also terminate short of the ?ange 303 
and a circular baffle plate 309, smaller in diameter than 
the internal diameter of the section 301, rests ?ush upon 
the upper edges or“ said vanes. A wall portion 310 of 
the section 301 is thickened and extends radially in 
wardly a su?icient distance to partially underlie the 
baffle 309, as is best shown in Figure 24. The thickened 
wall portion 310 is provided with an outlet opening 311 
into which a pipe nipple 312 is threaded. The hose 
section 253 has one end thereof connected with the 
nipple 312 and its opposite end is connected witht pipe-T 
254, as previously explained. ' 
The deaerator sections 300 and 301 and the cap 302 

are maintained in assembled relation by a rod 315, the 
lower end of which extends through the ba?le 309 and‘ 
is threaded into the recess 306 in the core 305, as shown 

The upper end of the rod 315 extends‘ in Fig. 21. 
through the cover 302 and a nut 316 is threaded thereon 
and tightly clamps the parts together. 
under the nut 316 prevents leakage along the rod 315. 
The upper section 300 is provided with an inlet duct' 

318 formed exteriorly thereof. The inlet duct 318 has 
a threaded circular opening 319 into which a pipe nipple 
320 is threaded. The hose section 155, leading from 
the outlet opening 153 of the brake unit B, is suitably 
connected with the nipple 320. Except for the circular 
opening 319, the inlet duct 318 is substantially rec 
tangular in cross section and progressively decreases in 
width and increases in height in a direction away from 
the inlet opening 319. The progressive change in the 
width and height of the duct 318 is such that the cross 
sectional area throughout the length of the duct vre-' 

The duct 318 follows mains substantially the same. 
the general curvature of the cylindrical section 300 and 
merges into the interior of said section on a tangent 
with the interior surface of said section, as is best shown 
in Fig. 23. Hence, the liquid which passes through 
the duct 318 is introducted into the section 300 with a 
rapid rotating or whirling motion. The eifect of this is 
to cause the liquid to tend to move radially outwardly by 
centrifugal force, thereby effecting a separation of the 
air from the liquid, in a manner readily understood. The 
rapid whirling motion imparted to the liquid produces 
a vortex, generally indicated by the dot-and-dash lines 
321 (Fig. 21), and the separated air collects within this 
vortex. A washer 322 is welded or otherwise secured to 
the rod 315 adjacent the cover plate 302. The upper 
‘end of the rod 315 is provided with a longitudinal pas 
sageway 323, which communicates with the interior of 

A gasket 317' 
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the section 301 through a plurality of vent openings 324 
disposed between the washer 322 and the inner face of 
the cover 302. The passagetray 323 and the vent open 
ings 324 provide a means of escape for the air separated 
from the liquid in the deaerator D. The washer 322 pre 
vents the liquid from being splashed up into the vent 
openings 324 so that the amount of liquid withdrawn 
from the deaerator D with the air is maintained at a 
minimum. 
A conventional coupling ?tting 325 is threaded into 

the upper end of the passageway 323 and the air tube 
157, previously referred to, is connected to said ?tting. 
The opposite end of the tube 157 is connected with the 
dynamometer housing section 102 at the point 158 (see 
Fig. 18) on the leeward side of one of the tangential 
vanes 120, as previously pointed out. 
The periphery of the battle plate 309 (see Fig. 24) is 

spaced from the inner wall of the section 301 to provide 
three arcuate passageways 314 which permit liquid to 
pass from the section 300 downwardly into the section 
301 between the vanes 307. However, in view of the 
fact that the baffle 309 overlaps the wall portion 310, it 
is impossible for the liquid to pass from the section 301 
directly downwardly and out through the opening 311. 
Instead, the liquid must pass downwardly through the 
recesses 314 and along the vanes 307, which have a 
“straightening” effect on the swirling liquid, and then 
pass beneath the lower edges 308 of said vanes and 
then into the space adjacent the thickened wall 310 com 
municating with the outlet opening 311. 
The depth of the air vortex 321 in the deaerator D 

is controlled so that its apex does not extend deeply 
enough to allow some of the air to pass out of said 
deaerator with the liquid going to the heat exchanger 
202. Thus, the depth of the air vortex 321 may be con 
trolled by making the air tube 157 of a given prede 
termined internal diameter so that the air will be with 
drawn at a desired rate. As an alternative means of 
controlling the depth of air vortex 321, the vent open 
ings 324 in the rod 315 may be made such that their 
combined cross sectional areas will permit withdrawal of 
air at such rate as to give the desired depth to the vortex. 
Unless this depth is controlled, air will. pass into the 
heat exchanger 202 or too much liquid will be taken 
over through the tube 157 with the air and reintroduced 
into the brake unit B. The return of such entrained 
excess liquid, obviously, is undesirable because it would 
interfere with the maintenance of a constant load. 
The radial vanes 307 in the lower section 301 of the 

deaerator D, in cooperation with the ba?ie 309, also 
serve to prevent the air vortex 321 from being drawn 
downwardly by the velocity of the liquid to such extent 
as to permit air to pass to the heat exchanger 202. 
Thus, it will be apparent that the ba?ie 309 permits 
down?ow only at the peripheral spaces 314 and the 
“straightening” action of the vanes 307 compels the 
swirling liquid to move downwardly, instead of circum 
ferentially, and thereby assists in maintaining an air 
vortex of the desired depth. ’ 

It will be understood that the liquid passes through the 
deaerator D at a considerable velocity due to the forceful 
pumping action provided by the rotor 124 of the hy 
draulic brake unit B. This velocity is sufficient to cause 
the liquid in the lower section 301 of the deaerator D to 
be forced through the hose 253 into the heat exchanger 
202 and then returned through the hose 152 to the inlet 
opening 150 of the brake unit B. At the same time, the 
action of the rotor 124 tends to create a vacuum in the air 
tube 157, which serves the useful purpose of withdraw 
ing the air from within the vortex 321 in the deaerator 
D and returning it to the housing 100 of the brake unit B. 
The use of the deaerator D provides several very im 

portant operational advantages: 
First, it enables the air in the dynamometer circuit to 

be collected at a given place, instead of being indiscrimi 
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nately distributed through the heat exchanger and col‘ 
lected in slugs, etc. at various points in the heat exchanger 
or in the system. Thus, the deaerator D makes it pos 
sible to maintain a substantially solid body of water from 
the outlet 311 of. the deaerator D to and through the 
heat‘ exchanger 202. and back to the inlet opening 150 of - 
the brake unit B. By maintaining. such solid body, it is 
possible to maintain a more uniform loading of the brake 
unit B because then the rate of return of liquid to the 

1 brake housing 100 is the same as the rate of discharge 
of liquid from the snail or outlet 153' of the brake housing 
100. In other words, the liquid from the brake unit B 
and the deaerator D entering the heat exchanger 202 dis 
places a corresponding volume of liquid which is returned 
to said brake unit, so that for a given loading of the hy 
draulic brake unit B, there is a practically constant vol 
ume of liquid‘ circulating through the brake unit B and 
the heat exchanger 202, and there are no- bodies or slugs 
of air which would be unloaded into the brake housing 
100 in lieu of a similar volume of water, as would occur 
if the deaerator D Was not used. Obviously, any varia 
tion in the constancy of the’ liquid volume in the brake 
housing 100 will affect the absorption capacity of the 
dynamometer and correspondingly affect the accuracy 
of the results obtained with the use of the dynamometer. 

Secondly, the bleeding back of the air from the de 
aerator D to the brake housing 100 provides the advan 
tage that the tendency for a vacuum to form in said brake 
housing is eliminated. This necessitates the reaching of 
a higher temperature of the water or other liquid in the 
brake unit B before any of said water or liquid can be 
evaporated. Thus, if a partial vacuum was formed, say 
a two or three inch vacuum, the liquid in the brake hous 
ing 100 would tend to evaporate at a lower temperature 
than in the absence of a partial vacuum, and any evapo 
ration at all would beundesirable. . 

Thirdly, the return of the air to the brake housing .100 
also assures a more constant volume of liquid circulating 
through the system, because any moisture entrained in 
the air is returned to the circuit, instead of being lost as 
would be the case if the deaerator D discharged to the 
atmosphere. . 

Fourthly, another important advantage, although inci 
dental, is that the removal of substantially all of the air 
from the brake liquid results in more e?icient operation 
of the heat. exchanger 202. 

Figs. 6, 7, 8 and 27 best illustrate the auxiliary cooling 
system employed for cooling the radiator liquid of the 
vehicle undergoing test. The vehicle radiator R is con 

v ‘ tank portion R’ above a core 
R2 (Fig. 27). The radiator liquid is cooled by pumping 
the same out of the vehicle radiator R, circulating said 
lrquid‘through the heat exchanger 203 and then return 
ing it to said vehicle radiator. To this end, a circulating 
pump 326 is provided for withdrawing liquid from the 
upper tank portion R’ of the vehicle radiator R. The 
pump 326 may be conveniently secured to the frame 221 
by‘ a bracket 326%. A withdrawal hose section 327 is 
adapted to have one end thereof inserted into the tank 
portion R’, its other end normally being connected with 
the stern of a pipe-T 328. A section of hose 329 con 
nects the T 328 with the inlet side 330 of the pump 326 
and the outlet side 331 of said pump is connected by a 
hose section 332 with the inlet 333 of the heat exchanger 
203. A drain cock 334 is associated with the inlet 333 
to effect draining of the heat exchanger 203, when de 
sired. The outlet 335 of the heat exchanger 203 is con 
nected by a hose section 336 to a pipe-T 337. A re 
turn hose 338 has one end thereof connected with the 
stem of the T 337 and its other end is adapted to be in 
serted into tank R’ to effect the return of the cooled 
liquid to the vehicle radiator. A vent cock. 339 is pro 
vided at the outlet 335 of the heat exchanger 203 for 
bleeding the air out of said heat exchanger. 
















